INTRODUCTION
============

Diabetes is a disease whose prevalence is increasing exponentially worldwide, causing serious socioeconomic and health issues. The prevalence of diabetes in those aged 30 years or more in Korea was merely 1.5% according to a cohort study in 1971, but the prevalence increased to 7.2% by a cohort study in Yonchon County in 1993, and again to 8.9% as reported by the National Health and Nutrient Survey in 2001 \[[@B1],[@B2]\]. Despite taking into account the regional difference or the change of standard diagnostic criteria of diabetes, the prevalence increased by \~5-fold during the previous 30 years. In addition, diabetic complications including cardiovascular diseases (CVDs), blindness, end-stage renal disease, lower limb amputation, etc., have constantly increased, leading to higher medical expenses, hospitalization, and even death \[[@B1],[@B2]\].

Uncertainties regarding the benefits of intensive glycemic control on macrovascular complications from results of a series of recent large scale research have changed from the original strategy, concentrating on aggressive glucose control, to new strategy, considering the individual patient characteristics such as age and comorbidities \[[@B3],[@B4]\]. The treatment protocols for type 2 diabetes continue to become complicated, following the development of new pharmacologic agents. The Korean Diabetes Association have been establishing a clinical practice guidelines for type 2 diabetes ever since 1990, which have been revised for the fourth time in 2011 \[[@B5]\], and the insurance payment guidelines for antidiabetic drugs were newly announced in July 2011. Prescription patterns of clinicians is predicted to change immensely depending on the revision of treatment guidelines for diabetes and insurance guidelines for antidiabetic drugs. However, clinical data regarding the current status of prescription in type 2 diabetic patients remains rare \[[@B6]\].

The relationship between cardiovascular disease and brachial-ankle pulse wave velocity in patients with type 2 diabetes (REBOUND) is a study comparing and analyzing the differences in the prevalence of CVDs according to the brachial-ankle pulse wave velocity, of type 2 diabetic patients aged 30 years or more from eight general hospitals in Busan. Here, we have investigated the current status of prescription in type 2 diabetic patients that are being treated in general hospitals in Busan by analyzing the data from the first visit of the REBOUND study.

METHODS
=======

Patients
--------

Type 2 diabetic patients aged 30 years or more who were undergoing treatment at the division of Endocrinology and Metabolism in eight general hospitals in Busan (Bong Seng Hospital, Busan St. Mary\'s Hospital, Daedong Hospital, Ilsin Hospital, Inje University Busan Paik Hospital, Maryknoll Hospital, Moonhwa Hospital, and Pusan National University Hospital) were recruited from June 2008 to December 2010. Those who absolutely required insulin treatment and had medical history of ketoacidosis were excluded. The study protocol was approved by the Institutional Review Boards of each hospital and written informed consent was obtained from all participants.

Data collection and laboratory tests
------------------------------------

Age, sex, duration of diabetes, smoking history, medical history, and current medical status were investigated through interviews and medical records. The patients were divided into current smokers and nonsmokers according to their smoking history. Medical history of retinopathy and CVD was investigated.

Treatment modalities of diabetes, the number of classes and combination types of antihyperglycemic, antihypertensive, antidyslipidemic, and antiplatelet agents were investigated. Treatment modalities of diabetes were divided into diet only, oral hypoglycemic agents (OHAs) alone, insulin alone, and a combination of insulin and OHA. As for the OHA alone group, patients were divided into four groups according to the number of OHA classes, and were further divided according to combination types of OHA classes within each group. The patients in both insulin and OHA group were also investigated in the same way after dividing into three groups.

Height, weight, and waist circumference of the patients were measured, and diastolic blood pressure (DBP) and systolic blood pressures (SBP) were measured at a stable state. The waist circumference was measured from the middle point between the lower line of bottom rib and upper line of the iliac crest. Their body mass index (BMI) was calculated by dividing weight in kilograms by the height in square meters. The anthropometric measurement of the patients was done using standardized instruments with their coat and shoes off and the blood pressure was measured using a standardized automated sphygmomanometer. Obesity was defined as BMI ≥25 kg/m^2^, and hypertension was defined as SBP of at least 140 mm Hg or DBP of at least 80 mm Hg, or use of antihypertensive medications.

The subjects were fasted for at least 8 hours before measuring their fasting glucose level, hemoglobin A1c (HbA1c), serum lipid, serum insulin, C-peptide, high-sensitivity C-reactive protein, aspartate aminotransferase, alanine aminotransferase, γ-glutamyl transferase, serum and urine creatinine, and urine microalbumin. If there were no measured low density lipoprotein (LDL-C) value available, an estimated value (LDL-C=total cholesterol-\[triglycerides/5\]-HDL-C) was used for patients with triglyceride \<4.5 mmol/L, while the value of those with triglyceride level ≥4.5 mmol/L was handled as a \'missing value\' \[[@B7]\].

The glomerular filtration rate (GFR) was calculated by using the modification of diet in renal disease (MDRD) formula.

The MDRD fomula: GFR (mL/min/1.73 m^2^)=175×serum Cr (mg/dL)^-1.154^×age (year-old)^-0.203^×1.212 (if patient is black)×0.742 (if female).

The microalbuminuria index was obtained from the ratio of microalbuminuria level (µg) and urine creatinine level (µg) of the spot urine sample. The prevalence of retinopathy, and CVD was investigated based on medical history. Microalbuminuria and overt proteinuria were defined as random urine albumin creatinine ratio between 30 and 300 µg/mr Cr, and above 300 µg/mg Cr, respectively. Chronic kidney disease was defined as GFR less than 60 mL/min/1.73 m^2^.

Statistical analysis
--------------------

Continuous variables are expressed as median values (interquartile range), while stochastic variables are expressed as numbers and percentages. Patient data entry and arrangement were performed using Microsoft Access version 2007 (Microsoft, St. Redmond, WA, USA). Student *t*-test wase used for continuous variables and either Fisher exact test or chi-square test for categoric variables. All statistical analyses were performed using *R* statistics software version 3.0.0 (R Development Core Team, Vienna, Austria) \[[@B8]\]. A *P*\<0.05 was considered statistically significant. The histogram for the diabetes duration revealed that it was not normally distributed, but skewed. Thus, we used median value instead of the mean value as the representative value of variables.

RESULTS
=======

Clinical and laboratory characteristics of the study population
---------------------------------------------------------------

[Table 1](#T1){ref-type="table"} shows the basal characteristic of the study population. In this analysis, 3,058 patients were included, and 57% (1,745 patients) of them were women. The median age was 59 years; 56 years in men and 62 years in women, showing that women were older. The median BMI was 24.7 kg/m^2^, with 24.5 kg/m^2^ in men and 25.0 kg/m^2^ in women. The prevalence of obesity was 45%; 41% in men and 48% in women. The median waist circumference was 89.5 cm in men and 88.0 cm in women. The median diabetes duration was 7.6 years; 7.0 years in men, and 8.0 years in women, showing that women had slight longer disease duration. 19% (494), 23% (637), 7% (213), 22% (648), and 6.5% (173 patients) had retinopathy, microalbuminuria, overt proteinuria, chronic renal diseases, and CVD, respectively. The median HbA1c level was 7.2%, and there was no significant difference between men and women. The prevalence of hypertension was 66%; 65% in men and 67% in women.

Prescription status of drug therapy for glucose control
-------------------------------------------------------

Of the patients, 7.3% (222 patients) were treated with diet only, 68.2% (2,086 patients) with OHA alone, 5.3% (162 patients) with insulin alone, and 19.2% (588 patients) with a combination of insulin and OHA ([Table 2](#T2){ref-type="table"}). OHA alone therapy was the most prevalent, and insulin therapy was used by 24.5% of the patients. As for the OHA alone therapy, the proportion of the patients in OHA 1, 2, 3, and 4 groups was 19.2% (587 patients), 33.5% (1,025 patients), 15% (460 patients), and 0.5% (14 patients), respectively, showing that approximately half of these patients were using two OHA ([Table 2](#T2){ref-type="table"}). As for the combination therapy of insulin and OHA, the proportion of the patients in OHA 1, 2, and 3 group was 11.9% (365 patients), 6.1% (188 patients), and 1.1% (35 patients), respectively ([Table 2](#T2){ref-type="table"}).

Regarding OHA alone therapy, the most frequently used OHA class in OHA 1 group was metformin (Met), which comprised 76%, followed by sulfonylurea (SU) with 17%, α-glucosidase inhibitors (AGI) with 5%, meglitinides with 2%, and thiazolidinediones (TZD) with 0.7% ([Table 3](#T3){ref-type="table"}). Of the patients in OHA 2 group, Met+SU combination was used most frequently (43%), followed by Met+dipeptidyl peptidase 4 inhibitors (DPP4I), Met+TZD, SU+AGI, and SU+TZD combination, which comprised 24%, 14%, 6%, and 5%, respectively ([Table 3](#T3){ref-type="table"}). Of the patients in OHA 3 group, both Met+SU+TZD and Met+SU+AGI combination was similarly prevalent, as 40% ([Table 3](#T3){ref-type="table"}). Met was being used by 90% of the patients using OHA alone therapy as single or combination therapy.

Regarding combination therapy of insulin and OHA, most patients were in OHA 1 or 2 groups. Of the patients in insulin and OHA 1 group, Met was used most frequently by 56%, followed by AGI, meglitinide, and SU, which comprised 27%, 10%, and 7%, respectively. Of the patients in insulin and OHA 2 group, the most popular combination was Met+SU by 29%, followed by Met+meglitinide, Met+AGI, Met and DPP4I, SU and AGI combination, by 20%, 18%, 10%, and 9%, respectively ([Table 4](#T4){ref-type="table"}). Finally, of the patients in insulin and OHA 3 group, Met+SU+AGI combination was used most frequently by 45.7%, followed by Met+SU+TZD and Met+SU+DPP4I combination, each was used by 11% ([Table 4](#T4){ref-type="table"}).

Prescription status of antihypertensive, antidyslipidemic, and antiplatelet agents
----------------------------------------------------------------------------------

Of the patients, 15% were not treated with any of antihypertensive, antidyslipidemic, or antiplatelet agents, 8% were treated with each of three agents only, 10% with both antihypertensive and antidyslipidemic agents, 12% with both antihypertensive and antiplatelet agents, 12% with both antidyslipidemic and antiplatelet agents, and 28% with all three agents ([Table 5](#T5){ref-type="table"}). The proportion of patients using each of antihypertensive, antidyslipidemic, or antiplatelet agents either individually or as a combination was 58% to 59%, which was fairly similar.

Regarding antihypertensive therapy, 48% were treated with single class, 30.4% with two classes, 16% with three classes, 5% with four classes, 1.2% with five classes, and 0.2% with six classes. Of the patients with single class, 62% was using angiotensin II receptor blockers (ARBs), which was the most popular, followed by angiotensin-converting enzyme inhibitors (ACEIs), calcium channel blockers (CCBs), diuretics, β-blockers (BBs), and α-blockers (ABs), which comprised 13.5%, 13.5%, 3%, 6.5%, and 1.2%, respectively ([Table 6](#T6){ref-type="table"}). Of the patients with two classes, ARB+CCB combination was used most popularly by 48%, followed by ARB+diuretics, ACEI+CCB, ARB+BB, CCB+BB, and ACEI+diuretics, which comprised 16%, 9%, 7%, 6%, and 4%, respectively ([Table 6](#T6){ref-type="table"}). Finally, CCB+ARB+diuretics combination was most popular of the classes group, which was used by 23% ([Table 6](#T6){ref-type="table"}).

Regarding antidyslipidemic therapy, most patients (88%) were treated with single class, 12% with two classes, and 0.1% with three classes. Of the patients with single class, statins was most popularly used by 89%, followed by fibrates, omega-3 fatty acid, ezetimibe, and niacin, used by 6%, 4%, 0.6%, and 0.3%, respectively ([Table 7](#T7){ref-type="table"}). Of the patients with two classes, statins+omega-3 fatty acid, statins+fibrates, statins+ezetimib, and statins+niacin combinations were used by 45%, 34%, 17%, and 2%, respectively ([Table 7](#T7){ref-type="table"}). The 52% of the total patients were using statins in single or combination.

Regarding antiplatelet therapy, most patients (86%) were treated with single agent, 13% with two agents, and 1% with three agents, and 0.1% with four agents. Of the patients with single agent, aspirin was used most frequently by 52%, followed by cilostazol, clopidogrel, sarpogrelate, beraprost, and ticlopidine, which were used by 20%, 12%, 15%, 1.2%, and 0.1%, respectively ([Table 8](#T8){ref-type="table"}). Of the patients with two agents, aspirin+cilostazol combination was most frequently used by 40%, followed by aspirin+clopidogrel, aspirin+sarpogrelate, and aspirin+beraprost, used by 25%, 14%, and 4%, respectively ([Table 8](#T8){ref-type="table"}). The 32% of the total patients were using aspirin in single or combination.

DISCUSSION
==========

General characteristics such as age, BMI, waist circumference, etc. and the fact that women tended to be older was similar to previous studies in Korea \[[@B9]\]. However, HbA1c levels were lower but the prevalence of obesity was higher compared to previous reports \[[@B9]\]. The prevalence of hypertension of our study was 66%, which was higher than the health insurance data from 2007 (51% in men 58% in women \[[@B9]\]), but it was similar to another study performed in 2006 by the Department of Endocrinology of the tertiary hospitals in Korea who reported 60.4% prevalence of hypertension \[[@B10]\]. The prevalence of hypertension in diabetic patients varied between each study depending on age, diabetes period, and the definition of hypertension. In our study, hypertension was defined by the usage of any antihypertensive agents or systolic pressure \>140 mm Hg or diastolic pressure \>90 mm Hg at stable state at the time of initial investigation. The prevalence of hypertension was higher in women, which might be derived from higher age and longer diabetes duration in women. Analysis of the health insurance data from 2007 also showed similar sexual difference in prevalence of hypertension (51% in males and 58% in females).

Our study showed a fairly low prevalence of diabetic complications, which was 19%, 23.1%, 7%, 22%, and 6.5% for retinopathy, microalbuminuria, overt proteinuria, chronic renal diseases, and CVDs \[[@B10]\]. The prevalence of retinopathy and CVDs might be largely underestimated because the definition is vague, based on the medical history rather than objective examinations, and from a number of missing values. We expect that the prevalence of cardiovascular or renal complications to be underestimated as well due to selection bias, as there is a large chance of patients being excluded during recruitment if they were receiving treatment from the Department of Nephrology, Cardiology, or Neurology. Since this study was not aimed at investigating the prevalence of complications, and the definition of neuropathy is uncertain, we did not investigate the prevalence of neuropathy. However, because there is a possibility that relatively small proportion of patients with complications were recruited and large proportion of highly compliant patients were included, we need to be cautious to interpret. According to a health insurance data results by the national sample survey reported in 2007, limited regarding complications of diabetes (about 30% of all patients) showed that 15% were positive with the standard of proteinuria 1+ or more \[[@B9]\]. In a previous study with 5,652 diabetic patients from the Department of Endocrinology of 13 different tertiary hospitals in Korea in 2006, the prevalence of microalbuminruia, retinopathy, neuropathy, coronary artery disease, cerebrovascular diseases, and peripheral vascular diseases were 30.4%, 38.3%, 44.6%, 8.7%, 6.7%, and 3%, respectively \[[@B10]\].

In our study, the most popular therapeutic options of antihyperglycemic therapy was OHA alone, which was used by 68% of patients. According to the health insurance data by the national survey reported in 2007, proportion of patients taking OHA only, insulin only, both insulin and OHA, and diet therapy only was 70%, 4%, 10%, and 16%, respectively \[[@B9]\]. The proportion of patients taking OHA only was similar to our study, but the proportion of insulin therapy was higher, and that of diet therapy was lower in our study. Such a difference may be derived from the fact that the present study was performed in general hospitals not a nationwide survey. According to an American national health and nutrition survey that was done from 2003 to 2006, 18% were treated with diet only, 14% with insulin alone, 57% with OHA alone, and 12% with both insulin and OHA, of which the proportion of insulin alone therapy was higher than the present study \[[@B11]\].

Following the revision of the guidelines from the American Diabetes Association in 2010, a fourth revision was announced in 2011 and the insurance payment criteria for diabetic drugs have also changed accordingly in July, 2007 \[[@B5]\]. In the revised criteria, Met was emphasized to be used primarily as an OHA only treatment method, HbA1c level was to be considered when increasing the quantity of OHA or choosing combination methods, and an insurance payment criteria included for patients using three OHA \[[@B5]\]. In the original guideline, any combinations other than Met, SU, and AGI combination were not admitted as a treatment method using three OHA, but now any three OHA combinations including TZD or DPP4I is accepted as well as taking insulin with Met and SU as a combination. Some combinations are strictly specified to be disallowed, which are SU and meglitinides, AGI and TZD, meglitinides and DPP4I, and AGI and DPP4I combinations \[[@B5]\]. Patients were recruited from June 2008 to December 2010 for this study, which was before the insurance payment criteria revision, but Met was already popularly used, by 90% as an OHA only method and 70% of both insulin and OHA therapy. Furthermore, the previously specified combinations to be disallowed were very rarely used, by 0.9%.

Over 85% of all patients used one or more of antihypertensive, antidyslipidemic, and antiplatelet agents, and the proportion of patients taking each of these three agents either individually or in combination were each 58% to 59%, which are all very similar, and 28% used all three together. From this we can see that not only glycemic control but also the usage of antihypertensive, antidyslipidemic, and antiplatelet agents are carefully considered for diabetic patients.

Here, the proportion of patients using 1, 2, 3, and 4 or more classes of antihypertensive agents were 47.5%, 30.4%, 15.6%, and 6.5%, respectively. According to a study with patients being treated in the divison of Endocrinology and Metabolism of 13 different tertiary hospitals in Korea in 2006, the proportion of patients using 1, 2, 3, and 4 or more classes of antihypertensive agents was 65%, 25%, 7%, and 3%, respectively, showing that the prevalence of combination therapy has increased over time \[[@B10]\]. Although it is difficult to compare the proportion of specific classes of antihypertensive agents due to the large proportion of combination therapy, it seems that ARB usage has decreased while that of CCB and diuretics has increased. We suspect that the proportion of combination therapy has been increased because of the increased awareness for the importance of tight BP control in type 2 diabetic patients and launching of various new combination drugs of antihypertensives, leading to increased market share. ARB was the most commonly used class of antihypertensive agents, and followed CCB, diuretics, BB, ACEI, and AB, in the order of frequency. ARB or ACEI was used by one third of all patients. ARB was singularly used by 17% of all patients, and ACEI was singularly used by 4% of all patients, which, for this case, some patients might have used these drugs for the treatment of either microalbuminuria or overt proteinuria. However it is mostly difficult to distinguish them in the clinics, so all patients using ARB or ACEI were regarded as having hypertension in this study.

Traditionally, diabetic patients were recommended to take low dose aspirin by most guidelines for the primary prevention of cardiovascular events, but recent large clinical trials and several meta-analyses have failed to show primary preventive effect of CVD in diabetic patients, raising doubts about their efficacy \[[@B12],[@B13],[@B14]\]. Following these reports, the American Diabetes Association have revised their guidelines to recommend aspirin for primary prevention in diabetic patients who are at increased CVD risk (10-year risk of CVD events \>10%) and who are not at increased risk for bleeding \[[@B15]\]. In our study, 59% of patients with type 2 diabetes were using antiplatelet agents, and half of them were using aspirin and 80% of these patients were using aspirin singularly. In 2006, an analysis report of the health insurance data was announced, which investigated aspirin usage in newly diagnosed diabetic patients aged 40 years or more from 2001 to 2003, and showed a gradual increase in the proportion of aspirin user, as 6.9% in 2001, 8.9% in 2002, and 11.6% in 2003 \[[@B16]\]. Though direct comparison between two studies is difficult due to the difference in the study design and population, it seems that the usage of aspirin has increased over time, But, considering that our study were subjected at data from before the American Diabetes Association guideline revision in 2010, we expect that the proportion of aspirin user would be decreasing in future studies. With insufficient evidence for primary preventive effects of aspirin and concerns about safety of aspirin in diabetic patients, interests in other antiplatelet agents or antiplatelet combination therapy has increased. But revised insurance guidelines in 2010 still recommends to preferentially use aspirin while restricting the use of other antiplatelet agents only in high-risk patients or if aspirin cannot be used. As far as we are aware, no studies have been presented regarding the prescription status of antiplatelet agents other than aspirin. In our study, the next most frequently used antiplatelet agent after aspirin was cilostazol, a phosphodiesterase III inhibitor, which counted for 20% of antiplatelet monotherapy. The third was sarpogrelate, a serotonin 2A receptor inhibitor, was more frequently used than clopidogrel. Although sarpogrelate has a limitation that it lacks long-term clinical data, it has the advantage being relatively safe and having little side-effects.

Because this study is neither a regional sample study nor a nationwide survey, the results cannot be generalized. However, we believe that this study has significant meaning in that many experts were involved to gather the detailed medical history and prescription status and that this is a relatively large scale study including secondary and tertiary hospitals in Busan. We also believe that an organized and standardized national research is required.

In conclusion, in the type 2 diabetic patients aged 30 years or more enrolled from the general hospitals in Busan, OHA only was the most popular form of diabetes treatment, accounting for two third of patients, followed by both insulin and OHA for one fifth and insulin only for 5%. Over half of all patients were using each of antihypertensive, antidyslipidemic, or antiplatelet agents. A half of all patients were using statins and one third were using aspirin.
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###### 

Basal characteristics of study subjects
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Values are presented as median (interquartile range) or number (%).

BMI, body mass index; CVD, cardiovascular diseases; FPG, fasting plasma sugar; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol.
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Prescription status of therapy for diabetes
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OHA, oral hypoglycemic agent.

###### 

Prescription status of therapy for diabetes in patient using oral hypoglycemic agent only

![](dmj-38-230-i003)

OHA, oral hypoglycemic agent; Met, metformin; SU, sulfonylurea; AGI, α-glucosidase inhibitor; GLP-1, glucagon-like peptide-1; Glinide, meglitinide; TZD, thiazolidinedione; DPP4I, dipeptidyl peptidase 4 inhibitor.
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Prescription status of therapy for diabetes in patients using insulin and oral hypoglycemic agent
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OHA, oral hypoglycemic agent; Met, metformin; AGI, α-glucosidase inhibitor; Glinide, meglitinide; SU, sulfonylurea; TZD, thiazolidinedione; DPP4I, dipeptidyl peptidase 4 inhibitor.
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Prescription status of antihypertensive, antidyslipidemic, and antiplatelet agents
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###### 

Prescription status of antihypertensive agents
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ARB, angiotensin II receptor blocker; ACEI, angiotensin-converting enzyme inhibitor; CCB, calcium channel blocker; BB, β-blocker; AB, α-blocker.
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Prescription status of antidyslipidemic agents
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Omega 3, omega-3 fatty acid.
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Prescription status of antiplatelet agents
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